The lack of a quick, simple, and inexpensive diagnostic test has limited the ability of public health officials to rapidly assess and control outbreaks of Giardia lamblia in child day-care centers. We evaluated the performance of a commercially available enzyme-linked immunosorbent assay (ELISA) for the detection of a G. lamblia-associated antigen in stool. Stool specimens were collected from the diapers of 426 children attending 20 day-care centers, fixed in 10% Formalin and polyvinyl alcohol, and examined by microscopy by Formalin concentration and trichrome staining techniques. Specimens were also tested visually and spectrophotometrically by ELISA. Of 99 tests positive by microscopy, 93 were visually positive by ELISA (sensitivity, 93.9%). Of 534 tests negative for G. lamblia by microscopy, 32 (6.0%) were ELISA positive. However, on the basis of examination of multiple specimens from the same child, none of these could be considered false-positive ELISAs; the specfficity of the ELISA was therefore 100%. The sensitivity of both microscopy and ELISA improved as the number of specimens per child increased. An optical density value of >0.040 was 98.0% sensitive and 100% specific for G. lamblia. This ELISA, which appeared to be more sensitive for G. lamblia than did microscopic examination of stool, should be useful as an epidemiologic tool, particularly in day-care settings, and may also have a role in confirming clinical diagnoses of giardiasis.
Giardia lamblia is endemic in child day-care centers (DCCs) in the United States (2, 12) , with estimates of 5 to 15% of diapered children attending DCCs being infected. G. lamblia is also a cause of epidemic diarrhea in DCCs; conventional measures to control these outbreaks, including the diagnosis, treatment, and follow-up of infected children and their household contacts, may be costly for local public health agencies to implement and of questionable effectiveness (13) .
Diagnosis of Giardia infection by microscopic examination of stool for ova and parasites can be time-consuming and expensive; furthermore, examination of a single stool specimen may miss 10 to 50% of Giardia infections because of intermittent or low-level shedding of cysts in stool (3) . The need for rapid, inexpensive methods to diagnose Giardia infection has led to the recent development of enzyme-linked immunosorbent assays (ELISAs) for the detection of G. lamblia-associated antigens in stool.
As part of an epidemiologic study of endemic giardiasis in DCCs in Fulton County, Ga., we evaluated the first commercially available ELISA kit for G. lamblia in stool (ProSpecT/ Giardia, Alexon, Inc., Mountain View, Calif.). This ELISA detects a G. lamblia-specific antigen (GSA-65) associated with the Giardia cyst wall and, to a lesser extent, with the trophozoite (11) . In a previous study, this ELISA appeared to be both sensitive and specific for Giardia infection in hospitalized adults and refugees attending a screening clinic (10) , but neither its use in children nor its correlation with standard microscopic examination of several stools from the same person had been evaluated. Similarly, most studies of other ELISAs for Giardia antigen in stool (4, 6, 7, 14, 15) evaluated only single specimens from each study participant. Because microscopic examination of a single stool specimen for G. lamblia lacks sensitivity, the use of a single specimen as a "gold standard" in these studies may have resulted in artificially low estimates of test specificity.
MATERIALS AND METHODS
After informed consent was obtained, stool specimens were collected from the soiled diapers of children attending 17 Lyophilized antigen (GSA-65) from a single lot was reconstituted and stored at -20°C for use as a positive control; immediately before each run, the antigen was warmed to room temperature. In addition, aliquots of stools from two people with giardiasis and from an uninfected asymptomatic person were fixed in 10% Formalin in February 1989, stored at room temperature, and tested with each run to evaluate antigen stability after fixation in Formalin.
If microscopic examination and ELISA results were discordant, the specimen was relabeled with a new number and evaluated again for G. lamblia by both methods. Some specimens were therefore tested more than once; however, laboratory investigators did not know whether a specimen had previously been tested.
To evaluate the specificity of the ELISA, 131 stool specimens from a Bolivian village where G. lamblia and other intestinal parasites are endemic were also examined by microscopy and tested by ELISA as described above.
Definitions. A child was defined as infected if Giardia cysts or trophozoites were observed by microscopic examination of one or more stool specimens; the specificity of microscopic examination for G. lamblia was therefore considered to be 100%. A child was defined as uninfected if no Giardia cysts or trophozoites were visualized on microscopic examination of three or more stool specimens. Except where otherwise noted, a specimen was considered to have a positive visual ELISA result if two readers indicated a visual colorimetric result of 0.5 or more. The Spearman rank test was used to test for correlations between variables.
RESULTS
A total of 1,148 stool specimens were obtained from 426 diapered children; 609 specimens were examined by both microscopy and ELISA. Twenty-four specimens with discordant or questionable results were repeated by microscopy and ELISA, for a total of 633 tests examined by both methods.
Of the 633 tests, 99 (15.6%) were positive for G. lamblia by microscopy; 93 (93.9%) of these were visually positive by ELISA (Table 1) . Of the six tests that were visually negative by ELISA, five tests had fewer than five cysts per slide on microscopic examination and ELISA OD readings of 0.030 to 0.093; the sixth had only a few trophozoites on microscopic examination ( Table 2) .
The remaining 534 tests were negative for G. lamblia by microscopy; of these, 32 (6.0%) were visually positive by ELISA (Table 1) . These discordant tests were classified as falsely positive by ELISA, falsely negative by microscopy, or indeterminate on the basis of subsequent stool specimens from the same child or repeat examinations of the same specimen. Twenty discordant tests were classified as falsely negative by microscopy, and the remaining 12 tests were considered to be indeterminate for the reasons listed in Table  1 ; the specificity of the ELISA for G. lamblia was therefore 100%. Of 119 true-positive tests (99 specimens positive by microscopy and an additional 20 positive only by ELISA), 99 (83.2%) were identified as positive by microscopy and 113 (95.0%) were positive by ELISA (Table 3) . Initial specimens. In the diagnostic laboratory, only one test on an individual stool specimen. Because the average stool specimen might be received from each patient, and prepatent or incubation period for giardiasis is approxireading of the ELISA by multiple technicians may not be mately 9 days (16), we reasoned that children were already practical. To estimate the sensitivity and specificity of the infected during the 4 days before they produced a stool that ELISA in a routine diagnostic laboratory, we compared was microscopically positive for G. lamblia. One would visual ELISA results for a single reader (H.M.M.) with therefore expect a test with 100% sensitivity for Giardia microscopic results of initial stool specimens from all 426 infection to be positive on any specimen obtained during children. Twenty-nine (6.8%) children were positive for G.
these preceding 4 days. To compare the ability of microslamblia by microscopy on the first stool ( Table 3) . Two of copy and ELISA to detect G. lamblia in individuals known these specimens (specimens 1103 and 8595, Table 2) were to be infected, we identified 31 specimens obtained from 15 visually negative by ELISA; no follow-up specimens were G. lamblia-positive children during the 4 days before a available from either child. Eight children had microscopimicroscopically positive specimen was obtained. The sensically negative specimens that were ELISA positive. Seven tivities of microscopy and ELISA were 70.0 and 83.9%, of these specimens were from children shown to have G.
respectively (Table 3) . lamblia on subsequent specimens or on repeat microscopic One or more specimens. Collection of more than one stool examination of the same stool. The eighth child, who was specimen from the same child permitted us to assess the excluded from the calculations of test sensitivity presented degree to which multiple specimens may improve the sensiin Table 3 , was treated for symptomatic giardiasis after tivity of both microscopic examination and ELISA. We submission of the first stool specimen; the subsequent specreviewed data for all 38 children who had a stool specimen imen was negative. Of 36 children with initial true-positive positive by microscopy within 10 days after submitting their specimens (29 by microscopy and 7 more positive only by first specimen. Specimens submitted more than 10 days after ELISA), 29 (80.6%) were positive by microscopy and 34 the initial specimen were excluded because some children, (94.4%) were positive by ELISA.
particularly in outbreak centers, were initially negative for Known infected children. Clinicians may be more inter-G. lamblia and were found to be positive 2 to 3 weeks later. ested in the degree to which the ELISA correctly identifies These children were considered likely to have had newly people infected with G. lamblia than in the sensitivity of the acquired infections rather than false-negative initial test results. The sensitivities of both microscopy and ELISA improved as the number of specimens increased; for a single specimen, the sensitivities of microscopy and ELISA were 76.3 and 81.6%, respectively. For three specimens, both methods were 94.7% sensitive (Table 3) . These values probably underestimate test sensitivity since the four children who remained negative for G. lamblia by either method were treated for giardiasis after the first specimen was obtained.
Correlation of ELISA OD with visual readings and microscopy. To determine the OD that would best distinguish between G. lamblia-positive and G. Iamblia-negative specimens, OD values of 99 microscopically positive specimens were compared with OD values of specimens from 261 uninfected people with three or more microscopically negative specimens (Fig. 1 ). All negative specimens had ODs of c.0.040; two positive specimens (specimens 821 and 1103, Table 2 ) had ODs of c0.040. A positive OD value of >0.040 would therefore be 98.0% sensitive and 100% specific.
The OD was highly correlated with the mean visual score (Table 4 ) (r2 = 0.92, P = 0.0001). To a lesser extent, both the OD and the mean visual ELISA reading were also correlated with the number of organisms seen on microscopy (r2 = 0.66 and 0.70, respectively; P = 0.001). The lower degree of correlation appeared to be due primarily to the fact that many of the discordant (microscopically negative/visual ELISA positive) specimens considered to be true positives had a relatively high OD.
Correlation between readers. ELISA readers agreed on positive or negative visual results for all but 10 (1.6%) tests, which had ODs of between 0.046 and 0.153. None of the nine people who read ELISAs during the study were significantly more likely than the others to score these tests as negative; therefore, the discrepancies did not appear to be due to differences in the ability to perceive slight colorimetric changes. Actual visual scores (0 to 4+) were highly correlated (r2 = 0.90 to 1.00, P 0.0001) for eight of the nine readers. Scores for the remaining reader were less highly correlated with those of one other reader (r2 = 0.58, P = 0.001).
Lack of evidence for ELISA cross-reactivity. No evidence of cross-reactivity with Cryptosporidium species or other organisms was found. Sixty-nine DCC specimens were microscopically positive for Cryptosporidium species; the ELISA was positive only for the seven DCC specimens that were also microscopically positive for G. lamblia. Of 131 single stool specimens from Bolivia, 115 were negative for G. lamblia by both microscopy and ELISA; the specificity of the ELISA was therefore 100% in this group. Forty-four of these specimens were positive for other organisms, including 20 (17%) for Ascaris lumbricoides, 20 (17%) for Trichuris trichiura, 11 (10%) for Entamoeba histolytica, and 5 (5%) for Taenia species.
Decay in antigen reactivity with time. The OD of the lyophilized positive controls provided by the manufacturer ranged from 0.557 to 1.174 (mean + standard deviation, 0.868 + 0.152) and did not significantly change with time (Fig. 2) . In contrast, the ELISA reactivity of the Formalinpreserved G. lamblia-positive stool prepared in our laboratory dropped sharply in the first week, followed by a gradual decay over a period of 9 months. Overall, the OD of the Formalin-preserved stools decreased by 78.2% (an average of 8.7% per month), from a mean of 1.100 during the first month to a mean of 0.240 during the ninth month.
Intermittent detection of antigen and cysts. Two children in the same DCC who were considered infected with G. lamblia had stool specimens that were negative by both microscopic examination and ELISA. Both children had stools that were microscopically positive for G. lamblia within 26 days before and 25 days after these negative specimens; thus, the negative stools were "bracketed" by G. lambliapositive stools. Neither child was treated for giardiasis; however, because of the length of time between specimens, self-cure and reinfection cannot be entirely excluded as a possibility. OD values for these specimens were 0.000 and 0.013.
DISCUSSION
The lack of a quick, simple, and inexpensive diagnostic test has limited the ability of public health officials to rapidly assess and control outbreaks of G. lamblia in DCCs. Although ELISAs for Giardia antigen in stool have recently been developed in several laboratories and appear to be promising (4-7, 9, 14, 15) , these tests have not been rigorously assessed in the DCC setting.
We evaluated the performance of a commercially available ELISA using stool specimens from diapered children attending DCCs in Fulton County, Ga. Compared with microscopic examination of stool specimens for ova and parasites, the ELISA was more sensitive and virtually 100% specific for G. lamblia. Because many specimens can be read by a single technician in a short period of time, the ELISA is also potentially less expensive than microscopic examination of stools. The ELISA is particularly useful for epidemiologic investigations when rapid results are required for large numbers of specimens and the etiologic agent is known to be G. lamblia.
An OD cutoff of >0.040 was 98% sensitive and 100% specific for Giardia infection. Rosoff et al. (10) recommended the same positive cutoff value for this ELISA in a study of hospitalized patients and people attending a refugee screening clinic. However, the assay is designed to be read visually, and for routine use in the diagnostic laboratory, OD determination does not appear to be necessary. In our laboratory, visual ELISA results and OD values were highly correlated, and reader-to-reader variation was minimal. Our data suggest that if even a faint colorimetric change is observed, the test should be interpreted as positive for G. lamblia.
The sensitivities of this and other ELISAs have compared favorably with microscopic examination in previous studies (4-7, 9, 14, 15) . Nash et al. (9) examined serial stool specimens from 18 infected adult volunteers; antigen-positive but cyst-negative stools occurred primarily during treatment and in the prepatent period. We also observed ELISApositive but cyst-negative stools in children who had recently begun antimicrobial therapy and in those from outbreak centers who were apparently infected after the initial specimens had been obtained. Investigators have expressed concern about the potential lack of specificity of other Giardia antigen assays (17) , but we were unable to document a single false-positive ELISA result.
Although the ELISA appeared to be more sensitive for G. lamblia than microscopic examination was, on a single stool specimen the sensitivity was <100% in children known to be infected. As with microscopy, the sensitivity of ELISA improved as the number of specimens increased. Two The functional nature of the antigen detected by the ELISA remains obscure, but the antigen has been shown to be associated primarily with the Giardia cyst wall (11) . An ideal stool test for G. lamblia would be 100% sensitive for the presence of trophozoites in the small intestine. We found only one stool specimen that contained trophozoites (in low numbers) and no Giardia cysts; this specimen was negative by ELISA.
It is unknown whether GSA-65 is associated with all human Giardia strains. However, our results in children attending DCCs in Georgia and people in a Bolivian village were comparable to those of Rosoff et al. (10) , who studied this ELISA with specimens from refugees and symptomatic hospital patients in California. OD readings of Formalinfixed positive control specimens decreased gradually during the study, suggesting that the antigen is not stable over long periods of time in 10% Formalin at room temperature. For maximum ELISA sensitivity, preserved specimens should be tested within a few months after being submitted.
To limit costs, only the first stool specimen from each child was tested by ELISA, unless that specimen was ELISA positive or any of the child's specimens were positive for G. lamblia by microscopy. A few more ELISApositive, cyst-negative discordant specimens may have been identified if all specimens had been tested by both ELISA and microscopy. However, because the prevalence of Giardia infection in this population was low, virtually all of the untested specimens would have been negative by both methods, i.e., concordantly negative. Thus, routine testing of only the first stool specimen by ELISA may have led us to overestimate the proportion of discordant test results and underestimate the performance of the ELISA.
In summary, when compared with microscopic examination of stool, the ELISA was more sensitive and 100% specific for Giardia infection. The assay appears to be useful as an epidemiologic tool, especially in day-care settings, and in the investigation and control of outbreaks of giardiasis. The ELISA may also have a role in confirming the clinical diagnosis of giardiasis by physicians. It is unlikely to replace microscopic examination of stool for ova and parasites as a routine diagnostic test, however, because other potential pathogens would escape detection. Although more sensitive than microscopic examination, intermittent antigen shedding and laboratory variation may result in an occasional falsenegative ELISA, particularly on a single stool specimen. Additional studies are needed to further characterize the nature of the antigen and evaluate the diagnostic potential of the ELISA, especially in people with chronic giardiasis who are negative for G. lamblia on microscopic examination of stool.
